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Clinical Article 



Aneurysmal Subarachnoid Hemorrhage in Third and 
Fourth Decades of Life 

Su-Yong Kim, M.D., Chul-Hee Lee, M.D., In Sung Park, M.D., Jae Ha Hwang, M.D., Soo Hyun Hwang, M.D., Jong Woo Han, M.D. 

Department of Neurosurgery, Gyeongsang National University School of Medicine & Gyeongsang Institute of Health Sciences, Jinju, Korea 

Objective : The aim of this study was to compare clinical characteristics of ruptured aneurysms in young adults, of the third and fourth decades of 
life, and to compare several clinical characteristics affecting the outcome of patients. 

Methods : We retrospectively investigated 1 459 patients who underwent surgery and endovascular treatment for ruptured cerebral aneurysms 
from June 1 992 to December 201 0 and compared clinical characteristics. We also reviewed pre-existing medical conditions and perioperative 
complications. 

Results : Among 1 459 patients, there were 21 patients (1 .44%) in the third decade and 1 04 patients (7.1 3%) in the fourth decade of life. Within 
two age groups, 88 (70.4%) were male and 37 (29.6%) were female, a ratio of 2.37 : 1 . In both groups, we observed the anterior cerebral artery 
(ACA) aneurysm with the most frequency (p=0.028). In general, favorable outcome was achieved in both age groups (90.5% and 81 .7%, respec- 
tively). An initial univariate analysis showed Hunt-Hess grade, Fisher grade, location of aneurysm, and rebleeding significantly associated with out- 
come after aneurysm rupture. Further, multivariate analysis demonstrated that only Hunt-Hess grade (grade 4-5) was a risk factor for the outcome 
(odds ratio=9.730, 95% confidence interval 2.069-45.756, p=0.004). 

Conclusion : The incidence of subarachnoid hemorrhage (SAH) was higher in the male population of the third and fourth decades of life. Aneu- 
rysms on the ACA were most frequently occurred in both age groups and the outcome of aneurysmal SAH among the third and fourth decades was 
favorable. Multivariate analysis revealed that high Hunt-Hess grade was a risk factor for patient's outcome. 

Key Words : Aneurysm • Subarachnoid hemorrhage ■ Young adult. 



INTRODUCTION 

Subarachnoid hemorrhage (SAH) accounts for 10% of stoke 
and 20% of hemorrhage stroke, with an incidence of 10 in 
100000 each year 15) . Aneurysmal SAH in patients younger than 
40 years of age is uncommon 11,33 '. However, its incidence in 
young adults has recently increased 31 '. Although the etiologic 
and prognostic features that characterize SAH in the middle 
aged and elderly may not apply to young adults. We undertook 
a study of a series of young adult patients who were surgically 
and endovascularly treated for ruptured cerebral aneurysms. 
We compared the clinical features between patients in the third 
and fourth decades of life with published reports and compared 
several clinical characteristics affecting the outcome in patients. 
In addition, risk factors for unfavorable outcome were also as- 
sessed 



MATERIALS AND METHODS 

Patients and methods 

We retrospectively reviewed the medical records of 1652 pa- 
tients with SAH who were treated from June 1992 to December 
2010. Among those 1652 patients, 1459 patients were treated 
for ruptured aneurysms. Patients with unruptured, traumatic, 
and mycotic aneurysms were excluded from this study. The 
analysis focused on young adult patients aged from 20 to 39 
years of age. We compared those in the third decade of life with 
those in the fourth decade, while comparing several clinical 
characteristics, including sex, Hunt-Hess grade, Fisher grade, 
size, location of aneurysm, multiplicity and outcome. We also 
reviewed pre-existing medical conditions (previous history of 
hypertension) and perioperative complications (rebleeding, va- 
sospasm). The locations of aneurysm were classified into four 
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groups : internal carotid artery (ICA), anterior cerebral artery 
(ACA), middle cerebral artery (MCA) and vertebrobasilar ar- 
tery (VBA). Aneurysms were also divided into three groups 
based on their diameters : small (<10 mm), large (10-25 mm), 
and giant (>25 mm). The patient's outcome at discharge was 
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Fig. 1. Bar graph showing the age and sex distributions of 1459 patients 
who were surgically and endovascularly treated for aneurysmal sub- 
arachnoid hemorrhage. 



categorized according to the Glasgow Outcome Scale (GOS), as 
a favorable outcome (good recovery and moderate disability) or 
an unfavorable outcome (severe disability, vegetative state and 
death). We compared several clinical characteristics affecting 
the outcome of the enrolled patients, including sex, age, previ- 
ous history of hypertension, Hunt- Hess grade, Fisher grade, 
size, location and multiplicity of aneurysm, rebleeding and last- 
ly, vasospasm. 

Statistical analysis 

All data are presented as a mean value±standard deviation. 
Differences between patients groups were tested via univariate 
analysis using t-test, chi-square test, or Mann- Whitney U test, as 
appropriate. Logistic regression was used to derive odds ratios 
(OR) for multilevel categorical variables. Multivariate models 
were adjusted for age, gender, hypertension or not, Hunt-Hess 
grade, Fisher grade, size and location of aneurysm, multiplicity, 
rebleeding, and vasospasm. All analyses were performed using 
Predictive Analytics Software Statistics 18.0. A 2-tailed proba- 
bility value of <0.05 was considered to be statistically significant 



Table 1. Characteristics of patients and aneurysms in young adults in the third and fourth decades 
of life who were surgically and endovascularly treated for aneurysmal subarachnoid hemorrhage 



Clinical characteristics 


No. of patients (%) 
Third decade Fourth decade 


p-value 


Male 


14 (66.7) 


74 (71.2) 


0.681* 


Previous history of hypertension 


2 (9.5) 


22 (21.2) 


0.217* 


Hunt-Hess grade 






0.491* 


1 


4 (19.0) 


26 (25.0) 




2 


11 (52.4) 


35 (33.7) 




3 


1 (4.8) 


14(13.5) 




4 


3 (14.3) 


21 (20.2) 




5 


2 (9.5) 


8 (7.7) 




Fisher grade 






0.504* 


1 


3 (14.3) 


7(6.7) 




2 


6 (28.6) 


25 (24.0) 




3 


4 (19.0) 


33(31.7) 




4 


8 (38.1) 


39 (37.5) 




Size of aneurysm 






0.834* 


Small 


17 (81.0) 


87 (83.7) 




Large 


4 (19.0) 


16(15.4) 




Giant 


0(0) 


1 (i.o) 




Location of aneurysm 






0.028 t 


ICA 


6 (28.6) 


17(16.3) 




ACA 


12 (57.1) 


48 (46.2) 




MCA 


3 (14.3) 


30 (28.8) 




VBA 


0(0) 


9 (8.7) 




Multiplicity 


2 (9.5) 


14 (13.5) 


0.622* 


Rebleeding 


5 (23.8) 


12(11.5) 


0.135* 


Vasospasm 


3 (14.3) 


20 (19.2) 


0.594* 


Favorable outcome 


19 (90.5) 


85 (81.7) 


0.328* 



*Chi-square test, ^ann-Whitney U-test. ICA : internal carotid artery, ACA : anterior cerebral artery, MCA : 
middle cerebral artery, VBA : vertebrobasilar artery 



RESULTS 

From June 1992 to December 2010, 
1459 patients were surgically and endo- 
vascularly treated for aneurysmal SAH. 
From which, 973 were female and 486 
were male. The age and sex distributions 
of the patients with aneurysmal SAH are 
shown in Fig. 1. The mean age of the pa- 
tients was 54.9±11.6 years (ranged from 
14 to 86). The mean age of the female pa- 
tients (58.0±10.7) was higher than that of 
the male patients (48.9±1 1.1). Among 
the 1459 patients, there were 21 patients 
(1.44%) in the third decade of life [20-29 
years (26.3±2.7)] and 104 patients 
(7.13%) in the fourth decade of life [30- 
39 years (35.5±2.9)]. Within the third 
and fourth decade age group, 88 (70.4%) 
were male and 37 (29.6%) were female, a 
ratio of 2.37 : 1 (p=0.001). Mean follow 
up rate in two age groups was 41 months 
(ranged from 0 to 206) and 30-day mor- 
tality after ictus was 12.8%. 

The age, Hunt-Hess grade, Fisher 
grade, size of aneurysm, rebleeding, va- 
sospasm and outcomes did not differ sig- 
nificantly between the two age groups. 
And the distribution of ruptured aneu- 
rysms did not also significantly different 
between the two age groups. Aneurysms 
on the ACA and ICA were prevalent in 
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the third decade and aneurysms on the ACA and MCA were 
prevalent in the fourth decade of life. In particular, ACA aneu- 
rysms occurred with the greatest frequency in both age groups 
(57.1% in third decade and 45.8% in fourth decade) (p=0.028) 
(Table 1). 

Favorable outcome rate for third and fourth decade were 90.5% 
and 81.7%, respectively (Table 2). An initial univariate analysis 
showed Hunt-Hess grade, Fisher grade, 
location of aneurysm, and rebleeding 
which significantly associated with out- 
come after aneurysm rupture (Table 2). 
A multiple logistic regression analysis 
demonstrated that only high Hunt-Hess 
grade (grade 4-5) was a risk factor for 
outcome, with an adjusted OR of 9.730 
and confidence interval between 2.069 
and 45.756 (p=0.004) (Table 3). 



prevalent in the fourth decade of life. Especially, ACA aneu- 
rysms were most frequent in these age groups in our study. Pre- 
vious authors 8 - 19,20,23 ' have noted that a vast majority of ruptured 
aneurysms in children and adolescents occur in the anterior 
circulation, especially in the ICA. The ICA has a blood flow 
much greater than the anterior communicating artery and 
MCA. Such flow may exert intense hemodynamic stress on the 



Table 2. Clinical characteristics of patients with aneurysmal subarachnoid hemorrhage by outcome 



Clinical characteristics 



No. of patients (%) 
Favorable outcome Unfavorable outcome 



p-value 



DISCUSSION 

Aneurysmal SAH among young adults 
is rare 1,30 '. Sixty percent of aneurysms are 
diagnosed in patients between 40 and 60 
years of age, with 10 to 20% found in pa- 
tients younger than 40 years of age 1 '. Pre- 
viously, it was reported that the preva- 
lence of aneurysmal SAH in young adults 
ranged from 5.3% to 18.4% 4,9,11,17,22 '. In 
our study, the prevalence was 8.57% (125/ 
1459), which was not significantly differ- 
ent from the previous studies. 

In general, it has long recognized that 
cerebral aneurysm occur more frequent- 
ly in females than in males 10,16,25 '. It has 
been reported that aneurysms in infants 
and children have different distributions 
from those seen in adults 2,11 '. Further, a 
male predominance in young children 
with SAH has been reported in previous 
studies 3,9,19,20 ' 33 '. In our study, male dom- 
inance was observed during both the 
third and fourth decades of life and the 
incidence of female aneurysmal SAH 
progressively increases with age. In con- 
trast, some authors have reported that 
incidence is higher in female young 
adults 11,17 '. This discrepancy may reflect 
the fact that intracranial aneurysm for- 
mation and growth is associated with 
multiple factors in young adults 22 '. 

Aneurysms on the ACA and ICA 
were prevalent in the third decade and 
aneurysms on the ACA and MCA were 



Sex 

Male 72 (69.2) 

Female 32 (30.8) 
Decade 

Third 19 (18.3) 

Fourth 85 (81.7) 

Previous history of hypertension 18 (17.3) 
Hunt-Hess grade 

1 28 (26.9) 

2 46 (44.2) 

3 12(11.5) 

4 14(13.5) 

5 4 (3.8) 
Fisher grade 

1 10 (9.6) 

2 29 (27.9) 

3 34 (32.7) 

4 31 (29.8) 
Size of aneurysm 

Small 88 (84.6) 

Large 16 (15.4) 

Giant 0 (0) 
Location of aneurysm 

ICA 18 (17.3) 

ACA 55 (52.9) 

MCA 26 (25.0) 

VBA 5 (4.8) 

Multiplicity 14 (13.5) 

Rebleeding 10 (9.6) 

Vasospasm 16 (15.4) 



16 (76.2) 

5 (23.8) 

2(9.5) 
19 (90.5) 

6 (28.6) 

2(9.5) 
0(0) 
3 (14.3) 
10 (47.6) 

6 (28.6) 

0(0) 
2(9.5) 
3 (14.3) 
16 (76.2) 

16 (76.2) 
4(19.0) 
1 (4.8) 

5 (23.8) 
5 (23.8) 

7 (33.3) 
4(19.0) 

19 (90.5) 
7 (33.3) 
7 (33.3) 



0.524* 



0.328* 



0.232* 
0.000* 



0.001* 



0.073* 



0.031* 



0.622* 
0.004* 
0.053* 



*Chi-square test. ICA : internal carotid artery, ACA : anterior cerebral artery, MCA : middle cerebral artery, VBA : 
vertebrobasilar artery 

Table 3. Multivariate Logistic Regression Model results 



Clinical characteristics 


p-value 


Adjusted OR 


95% confidence interval 
Lower Upper 


Hunt-Hess grade (grade 4-5) 


0.004 


9.730 


2.069 


45.756 


Fisher grade 


0.483 


1.398 


0.547 


3.572 


Size 


0.531 


1.038 


0.923 


1.168 


Location 


0.580 


0.821 


0.407 


1.653 


Rebleeding 


0.529 


1.546 


0.399 


5.996 



OR : odds ratio 
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arterial walls and thus, result in the formation of an aneurysm 
and rupture. Controversy exists concerning whether there is a 
difference in the location of ruptured aneurysms among differ- 
ent age groups 14,281 . Although the causes of these differences in 
the location of ruptured aneurysms between childhood and 
young adults are uncertain, there is one hypothesis. Padget 21) 
proposed that in the anterior circulation, the development of 
the IC A is followed by that of the ACA and eventually, by that of 
the MCA. Thus, it is possible that a fragile, congenital portion 
of the ICA may develop into an aneurysm due to hemodynam- 
ic stress. Further, the development of an ACA aneurysm may 
take a longer time than the time for an ICA lesion to grow. We 
agree with this hypothesis, but further studies and investiga- 
tions about the causes of these differences in the location of rup- 
tured aneurysms among different age groups are needed in the 
future. 

The mortality rate for SAH in the 1966 cooperative Study on 
Intracranial Aneurysms was 50% at 29 days 27 ' and 33% in a re- 
cent analysis of in-hospital deaths among SAH patients admit- 
ted through an emergency department 6 '. In a population-based 
study by Broderick et al. 2) , the 30-day mortality rate among all 
patients who suffered SAH was 45%, with the majority of deaths 
occurring in the first days after SAH. The most important deter- 
minants of 30-day survival have been previously elucidated as 
initial neurological status and age 18) . Outcome is reported to be 
poor in female patients. In addition, old age is also reported to 
be a strong predictor of poor outcome 5,7,26 '. Outcomes of aneu- 
rysmal SAH among young adults are generally favorable 11,12,33 '. 
Outcome results from previous studies were compatible with 
our results. Among 125 patients, 104 (83.2%) had a COS better 
than 3 (90.5% in third decade and 81.7% in fourth decade). 
Further, when perioperative complications (rebleeding, vaso- 
spasm) did not occur, patient's outcome was more favorable. 
Chang et al. 4 ' reported that young patients usually present with 
a good neurological status and thus, have lower incidences of 
intraventricular hemorrhage, hydrocephalus, symptomatic va- 
sospasm, and other underlying medical problems. Therefore, 
these young patients have a relatively good outcome. 

Location of aneurysm is associated with mortality The mor- 
tality at 6 months in conservatively treated patients was 34% to 
39% after rupture of an anterior circulation aneurysm. Mortali- 
ty at 6 months in patients with multiple aneurysm approached 
50% and was higher in those with aneurysm arising from the 
posterior circulation, 61% 32 '. Schievink et al. 29 ' reported that 
survival was greatly dependent on the location of the aneurysm 
and the prognosis of ruptured posterior circulation aneurysm is 
poor. In our study, aneurysms arising from VBA had more un- 
favorable outcome (p=0.031). 

In addition to aneurysm location, clinical grade on admission 
is also associated with mortality Winn et al. 32 ' reported that clin- 
ical grade on admission and mortality during the first 6 months 
after the initial hemorrhage showed a strong statistical correlat- 
ed. This association was subsequently confirmed in a study by 



Phillips et al. 24 ' and more recently by Lagares et al. 13) . In our 
study, when Hunt-Hess grade was low, Fisher grade was low, 
and thereby, patients outcome was more favorable. In addition, 
multivariate analysis demonstrated that only high Hunt-Hess 
grade (grade 4-5) showed a risk factor for outcome [OR, 9.730 
(confidence interval, 2.069 to 45.756)]. Thus, level of conscious- 
ness following SAH strongly influenced patients outcome. 

The limitation of this study is being a retrospective review 
and patients data were collected from only one institution. A 
large prospective multicenter study about aneurysmal SAH of 
young adult will be necessary in the future. 

CONCLUSION 

The incidence of SAH was higher in the male population in 
the third and fourth decades of life. Aneurysms on the ACA 
were most frequent in these age groups. Outcome of aneurys- 
mal SAH among the third and fourth decades was favorable. 
Multivariate analysis revealed that high Hunt-Hess grade was a 
risk factor for patients outcome. 

References 

1. Bonita R, Beaglehole R, North JD : Subarachnoid hemorrhage in New 
Zealand : an epidemiological study. Stroke 14 : 342-347, 1983 

2. Broderick JR Brott TG, Duldner JE, Tomsick T, Leach A : Initial and re- 
current bleeding are the major causes of death following subarachnoid 
hemorrhage. Stroke 25 : 1342-1347, 1994 

3. Brocheler J, Thron A : Intracranial arterial aneurysms in children. Clini- 
cal, neuroradiological and histological findings. Neurosurg Rev 13 : 
309-313, 1990 

4. Chang CH, Kim JM, Ahn JS, Kwon Y, Kwun BD : Spontaneous intra- 
cranial aneurysm in young adult patients : retrospective review of 157 
patients. J Korean Neurosurg Soc 33 : 149-153, 2003 

5. Chiang VL, Claus EB, Awad IA : Toward more rational prediction of 
outcome in patients with high-grade subarachnoid hemorrhage. Neu- 
rosurgery 46 : 28-35; discussion 35-36, 2000 

6. Cross DT 3rd, Tirschwell DL, Clark MA, Tuden D, Derdeyn CP, Moran 
CJ, et al. : Mortality rates after subarachnoid hemorrhage : variations ac- 
cording to hospital case volume in 18 states. J Neurosurg 99 : 810-817, 
2003 

7. Deruty R, Pelissou-Guyotat I, Mottolese C, Amat D, Bognar L : Level of 
consciousness and age as prognostic factors in aneurysmal SAH. Acta 
Neurochir (Wien) 132 : 1-8, 1995 

8. Heiskanen O, Vilkki J : Intracranial arterial aneurysms in children and 
adolescents. Acta Neurochir (Wien) 59 : 55-63, 1981 

9. Horiuchi T, Tanaka Y, Hongo K, Kobayashi S : Aneurysmal subarach- 
noid hemorrhage in young adults : a comparison between patients in 
the third and fourth decades of life. J Neurosurg 99 : 276-279, 2003 

10. Juvela S, Porras M, Poussa K : Natural history of unruptured intracrani- 
al aneurysms : probability of and risk factors for aneurysm rupture. ] 
Neurosurg 93 : 379-387, 2000 

11. Kamitani H, Masuzawa H, Kanazawa I, Kubo T : Saccular cerebral an- 
eurysms in young adults. Surg Neurol 54 : 59-66; discussion 66-67, 
2000 

12. Kongable GL, Lanzino G, Germanson TP, Truskowski LL, Alves WM, 
Torner JC, et al. : Gender-related differences in aneurysmal subarach- 
noid hemorrhage. ] Neurosurg 84 : 43-48, 1996 

13. Lagares A, Gomez PA, Lobato RD, Alen JF, Alday R, Campollo J : Prog- 



170 



Aneurysmal Subarachnoid Hemorrhage in Third and Fourth Decades of Life SY Kim, et al. 



nostic factors on hospital admission after spontaneous subarachnoid 
haemorrhage. Acta Neurochir (Wien) 143 : 665-672, 2001 

14. Lanzino G, Kassell NF, Germanson TP, Kongable GL, Truskowski LL, 
Torner JC, et al. : Age and outcome after aneurysmal subarachnoid 
hemorrhage : why do older patients fare worse? J Neurosurg 85 : 410- 
418, 1996 

15. Linn FH, Rinkel GJ, Algra A, van Gijn J : Incidence of subarachnoid 
hemorrhage : role of region, year, and rate of computed tomography : a 
meta-analysis. Stroke 27 : 625-629, 1996 

16. McConmick WF, Nofzinger JD : Saccular intracranial aneurysm : an 
autopsy study. J Neurosurg 22 : 155-159, 1965 

17. Ogungbo B, Gregson B, Blackburn A, Barnes J, Vivar R, Sengupta R, et 
al. : Aneurysmal subarachnoid hemorrhage in young adults. J Neuro- 
surg 98 : 43-49, 2003 

18. Oshiro EM, Walter KA, Piantadosi S, Witham TF, Tamargo RJ : A new 
subarachnoid hemorrhage grading system based on the Glasgow Coma 
Scale : a comparison with the Hunt and Hess and World Federation of 
Neurological Surgeons Scales in a clinical series. Neurosurgery 41 : 140- 
147; discussion 147-148, 1997 

19. Ostergaard JR : A long-term follow-up study of juvenile aneurysm pa- 
tients. Acta Neurochir (Wien) 77 : 103-109, 1985 

20. Ostergaard JR : Aetiology of intracranial saccular aneurysms in child- 
hood. Br J Neurosurg 5 : 575-580, 1991 

21. Padget DH : The development of the cranial arteries in the human em- 
bryo. Contrib Embryol 32 : 207-261, 1948 

22. Park SK, Kim JM, Kim JH, Cheong JH, Bak KH, Kim CH : Aneurysmal 
subarachnoid hemorrhage in young adults : a gender comparison study. 
J Clin Neurosci 15 : 389-392, 2008 

23. Pasqualin A, Mazza C, Cavazzani P, Scienza R, DaPian R : Intracranial 



aneurysms and subarachnoid hemorrhage in children and adolescents. 
Childs Nerv Syst 2 : 185-190, 1986 

24. PhiUips LH 2nd, Whisnant JP, O'Fallon WM, Sundt TM Jr : The un- 
changing pattern of subarachnoid hemorrhage in a community. Neu- 
rology 30 : 1034-1040, 1980 

25. Rinkel GJ, Djibuti M, Algra A, van Gijn J : Prevalence and risk of rup- 
ture of intracranial aneurysms : a systematic review. Stroke 29 : 251-256, 
1998 

26. Rosenorn J, Eskesen V, Schmidt K : Age as a prognostic factor after in- 
tracranial aneurysm rupture. Br J Neurosurg 1 : 335-341, 1987 

27. Sahs AL, Perret GE, Locksley HB, Nishioka H : Intracranial Aneurysms 
and Subarachnoid Hemorrhage : A Cooperative Study. Philadelphia : 
Lippincott, 1969, pp276-280 

28. Sakaki S, Ohta S, Ohue S, Kohno K, Matsuoka K : Outcome in elderly 
patients with ruptured intracranial aneurysm. Clin Neurol Neurosurg 
91:21-27, 1989 

29. Schievink WI, Wijdicks EF, Piepgras DG, Chu CP, O'Fallon WM, Whis- 
nant JP : The poor prognosis of ruptured intracranial aneurysms of the 
posterior circulation. J Neurosurg 82 : 791-795, 1995 

30. van Gijn J, Rinkel GJ : Subarachnoid haemorrhage : diagnosis, causes 
and management. Brain 124 : 249-278, 2001 

31. Weir B : Unruptured intracranial aneurysms : a review. J Neurosurg 96 : 
3-42, 2002 

32. Winn HR, Richardson AE, Jane JA : The assessment of the natural his- 
tory of single cerebral aneurysms that have ruptured in Hopkins LN, 
Long DM (eds) : Clinical management of intracranial aneurysms. 
New York : Raven Press, 1982, ppl-10 

33. Yoshimoto T, Uchida K, Suzuki J : Intracranial saccular aneurysms in 
the first three decades. Surg Neurol 9 : 287-291, 1978 



171 



